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^ Pharmaceutical formulations 

This invention relates to controlled-release oral pharmaceutical formulations of cGMP 
PDE-5 inhibitors, and to methods of treatment involving them. 

5 

Controlled-release oral pharmaceutical formulations are known. Their purpose is to 
modify the rate of drug release, for example to produce a constant rate of release of a drug 
into the gastrointestinal tract of a patient, or to delay the release of a drug into the 
gastrointestinal tract of a patient (see 'Sustained and Controlled Release Drug Delivery 
10 Systems 5 , pp 3-6, edited by J R Robinson, published by Marcel Dekker Inc). 

Cyclic nucleotide phosphodiesterases (PDEs) are a family of enzymes that catalyse the 
degradation of cyclic nucleotides. Cyclic nucleotides, particularly cAMP (i.e. cyclic 
adenosine 3 \ 5* -monophosphate), are important intracellular second messengers. PDEs are 

15 one cellular component that regulates the concentration of cyclic nucleotides. In recent 
years, at least seven PDE enzymes (such as PDE-1 - PDE-7), as well as many subtypes of 
these enzymes, have been defined based on substrate affinity and cofactor requirements 
(Beavo JA and Reifsnyder DH, Trends Pharmacol. Sci. 11:150 [1990]; Beavo J, in: Cyclic 
Nucleotide Phosphodiesterases: Structure, Regulation and Drug Action., Beavo J and 

20 Housley MD (Eds.). Wiley: Chichester, pp. 3-15 [1990]). 

In slightly more detail, examples of PDEs (i.e. cyclic nucleotide phosphodiesterases) 
include: PDE-1 which is a Ca 2+ /Calmodulin-dependent PDE; PDE-2 which is a cGMP 
stimulated PDE; PDE-3 which is a cGMP inhibited PDE; PDE-4 which is a high affinity 
25 cAMP-specific PDE; and PDE-5 which is a cGMP specific PDE. 

It is believed that PDE-5 is an important enzyme in the physiological response to sexual 
stimulation, and that inhibitors of the enzyme are useful in the treatment of sexual 
dysfunction. 

30 

In males, sexual dysfunction may be defined as the inability to obtain or sustain a penile 
erection adequate for satisfactory sexual intercourse. In females, sexual dysfunction may 
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be defined as deficient physiological response to sexual stimulation and/or a deficient 
subjective feeling of arousal. ^ 

A PDE-5 inhibitor of particular interest is sildenafil {5-[2-ethoxy-5-(4-methyl-l- 
5 piperazinylsulphonyl)phenyl]-l,6-dihydro-l-methyl-3-propylpyrazolo[4,3-d]pyrimidin-7- 
one} ; which has the following structure: 



The compound was first disclosed in European Patent Application 463756, and its use in 
the treatment of sexual dysfunction was disclosed in International Patent Application WO 
10 94/28902. A formulation of the citrate salt (VIAGRA™) was made available for the 
treatment of male erectile dysfunction in a number of countries including the USA in 1998. 
VIAGRA™ is an immediate release tablet that is administered about 1 hour before an 
effect is required, and the duration of action is about 4 hours. 

15 The main interest in the art so far has been to provide a fast-acting treatment of sexual 
dysfunction, which can be administered as soon as possible before sexual activity. For 
example, International Patent Application WO 98/30209 discloses a rapidly releasing 
formulation of sildenafil citrate. 

20 According to the present invention, there is provided a controlled-release formulation for 
oral administration containing a cGMP PDE-5 inhibitor. 

Usually, formulations according to the invention will be tablets or capsules that are 
swallowed. However, the invention also includes buccal formulations (which may be 
25 tablets, ointments, gels or patches). 




CH 3 



Controlled-release formulations may be divided into sustained-release and delayed- or 
pulsatile- release formulations. 
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Sustained-release dosage forms release their active ingredient into the gastro-intestinal 
tract of a patient over a sustained period of time following administration of the dosage 
form to the patient. Particular dosage forms include: 

5 

(a) those in which the active ingredient is embedded in a matrix from which it is released 
by diffusion or erosion; 

(b) those in which the active ingredient is present in or on a multiparticulate core which is 
coated with a rate controlling membrane; 

10 (c) those in which the active ingredient is present in a dosage form having a coating 
impermeable to the drug, and release is via a drilled aperture; 
(d) those in which the active ingredient is released through a semi permeable membrane, 
allowing the drug to diffuse across the membrane or through liquid filled pores within 
the membrane; and 

15 (e) those in which the active ingredient is present as an ion exchange complex. 

It will be apparent to those skilled in the art that some of the above means of achieving 
sustained-release may be combined, for example a matrix containing the active compound 
may be formed into a multiparticulate and/or coated with an impermeable coating provided 
20 with an aperture. 

Pulsed-release formulations release the active compound after a sustained period of time 
following administration of the dosage form to the patient. The release may then be in the 
form of immediate- or sustained-release. This delay may be achieved by releasing the drug 
25 at particular points in the gastro-intestinal tract or by releasing drug after a pre-determined 
time. Pulsed-release formulations may be in the form of tablets or multiparticulates or a 
combination of both. Particular dosage forms include: 

(a) osmotic potential triggered release (see US patent no 3,952,741); 
30 (b) compression coated two layer tablets (see US patent no. 5,464,633); 

(c) capsules containing an erodible plug (see US patent no 5,474,784); 

(d) sigmoidal releasing pellets (referred to in US patent no 5.1 12,621); and 

(e) formulations coated with or containing pH-dependent polymers including shellac, 
phthalate derivatives, polyacrylic acid derivatives and crotonic acid copolymers. 
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Dual release formulations can combine the active ingredient in immediate release fSnn 
with additional active ingredient in sustained release form. For example a bilayer tablet 
can be formed with one layer containing immediate release active ingredient and the other 
5 layer containing the active ingredient embedded in a matrix from which it is released by 
diffusion or erosion. Dual release formulations can also combine drug in immediate 
release form with additional drug in pulsed release form. For example a capsule 
containing an erodible plug could liberate drug initially and after a predetermined period of 
time further drug in immediate- or sustained-release form. 

10 

Preferably, formulations according to the present invention are sustained-release 
formulations. For example, it is preferred that up to 75% by weight of the active ingredient 
is released from the formulation in the GI tract (or in a model of the GI tract) in a period 1- 
24 hours following administration, for example 6-18 hours. 

15 

An advantage of sustained-release formulations according to the present invention is that a 
patient receiving them would have improved sexual function for a sustained period of time 
following administration (such as 6-24 hours, for example 12-18 hours), and so be ready 
for sexual activity at almost any time. This would allow a more spontaneous sex-life to be 
20 pursued. 

In addition, it is thought that in male patients at risk of developing sexual dysfunction (/or 
example diabetic patients or patients having undergone nerve sparing radical 
prostatectomy), the prevalence of nocturnal erections is diminished. Nocturnal erections 

25 may play an important role in preserving normal erectile function by providing regular 
tissue oxygenation thus preventing tissue fibrosis and erectile degeneration. Thus, a cGMP 
PDE-5 inhibitor delivered to a patient during sleep will increase the ability of at-risk 
individuals to have nocturnal erections, increase tissue oxygenation, prevent penile fibrosis 
and thus preserve erectile function or slow its decline. Delayed release formulations may 

30 be of particular use in this instance, providing PDE-5 inhibition throughout the sleeping 
period. 

A further advantage of formulations according to the present invention is that side effects 
may be reduced. For example, although sildenafil offers a safe, effective and generally 
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^ very well tolerated oral treatment for male erectile dysfunction, dose-related reversible side 
effects such as headache or visual disturbance at high dosage may limit its use in a 
minority of patients. Such effects are mediated by systemic exposure to sildenafil 
following oral administration: thus a formulation with a sustained release profile, which 

5 avoids initial high plasma concentrations, could be of great value to these patients. 

Preferably, the cGMP PDE-5 inhibitor is sildenafil, or a pharmaceutical!)' acceptable salt 
thereof (such as the citrate salt). 

10 Other cGMP PDE-5 inhibitors (previously mentioned in WO 94/28902) that may be 
mentioned include: 

5-(2-ethoxy-5-morpholinoacetylphenyl)-l-methyl-3-n-propyl-l,6-dihydro-7H- 
pyrazolo[4,3-d]pyrimidin-7-one (UK- 1 14,542); 

5-(5-morpholinoacetyl-2-n-propoxyphenyl)-l-methyl-3-n-propyl-L6-dihydro-7H- 
1 5 pyrazolo[4,3-d]pyrimidin-7-one; 

5-[2-ally loxy-5-(4-methy 1- 1 -piperazinylsulphonyl)phenyl]- 1 -methyl-3-n-propyl- 1 ,6- 
dihydro-7H-pyrazolo[4,3~d]pyrimidin-7-one; 

5-{2-ethoxy-5-[4-(2-propyl)-l-piperazinylsulphonyl]phenyl}-l-methyl-3-n-propyl-l,6- 

dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one; 

20 5-{2-ethoxy-5-[4-(2-hydroxyethylH 

l,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one; 

5_{5_[4_(2-hydroxyethyl)-l-piperazinylsulphonyl]-2-n-propoxyphenyl}-l-methyl-3-n- 
propyl-l ) 6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one; 

5-[2-ethoxy-5-(4-methyl- 1 -piperazinylcarbonyl)phenyl]- 1 -methyl-3 -n-propy 1- 1 ,6-dihydro- 
25 7H-pyrazolo[4,3-d]pyrimidin-7-one; and 

5-[2-ethoxy-5-(l-methyl-2-imidazolyl)phenyl]-l-methyl-3-n-propyl-l,6-dihydro-7 

pyrazolo[4,3-d]pyrimidin-7-one. 

The following cGMP PDE-5 inhibitors (previously mentioned in WO 97/03675 to 
30 Laboratoire Glaxo Wellcome SA) may also be mentioned: 

(6R, 12aR)-2,3, 6,7, 12,1 2a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl> 

pyrazino[2' , l':6, 1 ]pyrido[3 ,4-b]indole- 1 ,4-dione; and 

(3S,6RJ2aR)-2,3,6,7,12 J 12a-hexahydro-2 ) 3-dimethyl-6-(3 ! 4-methylenedioxyphenyl)- 
pyrazino[2' , 1 ' :6, 1 ]pyrido[3,4-b]indole- 1 ,4-dione. 
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Preferably, the formulation is a matrix tablet, and contains hydroxypropylmethyl cellulate. 
Preferably, the hydroxypropylmethyl cellulose has a number average molecular weight in 
the range 80,000-250,000. Preferably, the hydroxypropylmethyl cellulose has a degree of 
5 methyl substitution in the range 19-30%. Preferably, the hydroxypropylmethyl cellulose 
has a degree of hydroxy substitution in the range 7-12%. A number of 
hydroxypropylmethyl cellulose polymers are available commercially under the brand name 
Methocel™, and some of those suitable for use in formulations according to the invention 
are given in the table below: 



Methocel™ 


Number 


Degree of 


Degree of 


Nominal 


USP 


grade 


average 


methyl 


hydroxy 


viscosity of a 


designation 




MW 


substitution 


substitution 


2% aqueous 
solution 




K4M 


89000 


19-24% 


7-12% 


4000cps 


220S 


K15M 


125000 






15000cps 




K100M 


215000 


t; 




lOOOOOcps 




E4M 


93000 


28-30% 


7-12% 


4000cps 


2910 


E10M 


113000 






lOOOOcps 




F4M 


90000 


27-30% 


4-7.5% 


4000cps 


2906 



10 

Methocel™ K4M has characteristics of particular interest. 

It will be apparent to those skilled in the art that the hydroxypropylmethyl cellulose may 
consist of molecules of different chain lengths, but that the average chain length gives a 
15 molecular weight in the range stated. 

Formulations according to the present invention may contain a buffering agent. This is 
particularly useful when the formulation contains sildenafil citrate. A buffering agent of 
particular interest is aspartic acid. When it forms part of a matrix tablet, aspartic acid acts 
20 as a buffering agent to maintain a low pH at the surface of the tablet. Because sildenafil 
citrate has a low solubility at pH values greater than 6, the acid keeps the drug relatively 
soluble during the transit of the tablet through the GI tract. When present, aspartic acid 
will typically make up 15-30%) by weight of the formulation. 
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Usually, the formulations of the present invention will include tabletting excipients. for 
example colloidal anhydrous silica, polyvinylpyrrolidone, lactose and magnesium stearate. 
Lactose is of particular interest, and when present it will typically make up 10-40% by 
5 weight of the formulation. 

Formulations according to the invention may be provided additionally with a cosmetic 
coating; for example a coating comprising a pigment, a plasticizer and a polymer such as 
OPADRY™ (manufactured by Colorcon), or a sugar coating. Such coatings do not 
10 substantially affect the performance of the formulation, but enhance its presentation. Such 
coatings may be applied by spraying tablet cores with a solution of the components, using 
conventional techniques. 

Preferably, in formulations according to the present invention, the cGMP PDE-5 inhibitor 
15 makes up 5-50% by weight of the formulation. 

Preferably, in formulations according to the present invention, the hydroxypropylmethyl 
cellulose makes up 10-50% by weight of the formulation. 

20 Preferably, in formulations according to the present invention, the rate at which the cGMP 
PDE-5 inhibitor is released therefrom is substantially independent of the pH of the 
surroundings. 

The present invention also provides a process for the production of a pharmaceutical 
25 formulation containing hydroxypropylmethyl cellulose, which includes the steps of mixing 
the cGMP PDE-5 inhibitor and hydroxypropylmethyl cellulose; and pressing into tablets. 

The invention further provides the use of a cGMP PDE-5 inhibitor in the manufacture of a 
formulation for the treatment or prevention of sexual dysfunction; characterized in that, 
30 following administration, the formulation releases the inhibitor over or after a sustained 
period of time. Consequently, following administration, the mammaFs sexual function 
will be substantially improved for or after a sustained period of time. 
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Usually, the mammal will be a human, but administration to other mammals, such^as 

o 

horses, is contemplated. 

A "sustained period of time" in relation to the improvement in sexual function is a period 
5 of time such as 6-24 hours, for example 12-18 hours. 

The invention further provides a method of treating or preventing sexual dysfunction, 
which comprises administering a controlled-release formulation of a cGMP PDE-5 
inhibitor to a mammal in need of such treatment or prevention. Consequently, the 
10 mammal's sexual function is substantially improved for or after a sustained period of time. 

The invention further provides a method of improving sexual function in a mammal, which 
comprises administering a sustained-release formulation of a cGMP PDE-5 inhibitor to the 
mammal. Consequently, the mammal's sexual function is substantially improved for a 
1 5 sustained period of time. 

The invention is illustrated by the following examples with reference to the accompanying 
drawing, in which Figure 1 shows the percentage of drug compound released v time from a 
formulation prepared according to Example 1 under three different pH conditions. 

20 

Example 1 

Sustained release formulation of sildenafil citrate 



Component 


Weight per 450mg matrix tablet (mg) 


Sildenafil citrate (69.1% Activity) 


144.72 


L-Aspartic acid 


100 


Methocel™ grade K4M 


67.5 (15%) 


Lactose Fast-flow 


133.28 


Magnesium Stearate 


4.5 



25 Method 

1 . Blend components, less magnesium stearate, for 10 minutes in a turbula 

2. Screen through a 500jj.m sieve 
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3. Add 26% water (by weight) with blending 

^ 4. Screen through a 1.7mm sieve 

5. Dry resulting granules in a vacuum oven at 40°C, 2070 kPa (300 psi) until the 

moisture level is returned to original value 

5 6. Screen through a 1.0mm sieve 

7. Add magnesium stearate and blend for 5 minutes 

8. Press into tablets using 1 1mm normal concave tablet tooling 

Example 2 
10 Dissolution studies 

Formulations prepared in Example 1 were dissolved using Apparatus 1 (baskets) described 
in United States Pharmacopeia 23 (1995), page 1791, in an aqueous buffer of pK 2 
(composition 0.01M HC1 and 0.12M NaCl), an aqueous buffer of pH 4.5 (composition 

15 0.06M KC1, 0.03M NaCl and 0.006M KH 2 P0 4 ) and in an aqueous buffer of pH 7.5 
(composition 0.06M KC1, 0.03M NaCl, 0.006M KH 2 P0 4 and 0.005M NaOH). Tne 
dissolution fluid volume was 1 1 in the case of pH 2 and pH 4.5, but 5 1 in the case of pH 
7.5 (also replaced periodically), the temperature was 37°C, the rotation speed of ihe 
baskets was 100 rpm, and the drug compound released was detected by UV spectroscopy. 

20 The percentage of drug compound released v time is shown in Figure 1 . 

It can be seen that the release profiles at the three pH values are almost identical, indicating 
that the formulation is likely to give a steady, sustained rate of release of drug over a 
sustained period of time when administered orally to a patient. 
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Claims : 

O 

I. A controlled-release formulation for oral administration containing a cGMP PDE-5 
inhibitor. 

5 2. A formulation as claimed in claim 1, which is a sustained-release formulation. 

3. A formulation as claimed in claim 1 or claim 2, wherein the cGMP PDE-5 inhibitor 
is sildenafil, or a pharmaceutically acceptable salt thereof 

4. A formulation as claimed in any one of the preceding claims, which contains 
sildenafil citrate. 

10 5. A formulation as claimed in any one of the preceding claims, which also contains 
hydroxypropylmethyl cellulose. 

6. A formulation as claimed in any one of the preceding claims, which also contains a 
buffering agent. 

7. A formulation as claimed in claim 5 or claim 6. wherein the hydroxypropylmethyl 
15 cellulose has a number average molecular weight in the range 80.000-250,000. 

8. A formulation as claimed in any one of claims 5 to 7, wherein the 
hydroxypropylmethyl cellulose has a degree of methyl substitution in the range 19-30%. 

9. A formulation as claimed in any one of claims 5 to 8, wherein the 
hydroxypropylmethyl cellulose has a degree of hydroxy substitution in the range 7-12%. 

20 10. A formulation as claimed in any one of the preceding claims, which is provided 
with a cosmetic coating. 

II. A formulation as claimed in any one of the preceding claims, wherein the cGMP 
PDE-5 inhibitor makes up 5-50% by weight of the formulation. 

12. A formulation as claimed in any one of claims 5 to 11, wherein the 
25 hydroxypropylmethyl cellulose makes up 10-50% by weight of the formulation. 

13. A formulation as claimed in claim 4, characterized in that the rate at which the 
cGMP PDE-5 inhibitor is released therefrom is substantially independent of the pH of the 
surroundings. 

14. A process for the production of a formulation as defined in claim 5, which includes 
30 the steps of mixing the cGMP PDE-5 inhibitor and hydroxypropylmethyl cellulose; and 

pressing into tablets. 

15. Use of a cGMP PDE-5 inhibitor in the manufacture of a formulation for the 
treatment or prevention of sexual dysfunction; characterized in that, following 
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administration, the formulation releases the inhibitor over or after a sustained period of 
time. 

16. The use of claim 15, characterized in that, following administration, the mammal's 
sexual function is substantially improved for or after a sustained period of time. 

17. A method of treating or preventing sexual dysfunction, which comprises 
administering a controlled-release formulation of a cGMP PDE-5 inhibitor to a mammal in 
need of such treatment or prevention. 

18. The method of claim 17, characterized in that, following administration, the 
mammal's sexual function is substantially improved for or after a sustained period of time. 

19. A method of improving sexual function in a mammal, which comprises 
administering a sustained-release formulation of a cGMP PDE-5 inhibitor to the mammal. 

20. The method of claim 19, characterized in that, following administration, the 
mammal's sexual function is substantially improved for a sustained period of time. 



o 
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